We review recent results in heavy quark hadron spectroscopy at the Tevatron. With increasing data samples, the Tevatron experiments start to uncover information on the spectroscopy of b-hadrons. 
Introduction
Heavy mesons consisting of a light quark and a heavy anti-quark form an interesting laboratory for studying QCD, the theory of strong interaction. They are a close analogue to the hydrogen atom and play a similar role for the study of QCD as hydrogen does for QED. The heavy anti-quark (b or c) takes the role of the source of a static color potential, in which the light quark (u, d or s) is located. Similarly, the heavy quark baryons with a single heavy quark can in first order be viewed in the same picture, only having a light diquark in the static color field of the heavy quark. If the diquark picture isn't correct, then one would arrive at an object similar to the helium atom with a heavy quark generating the potential in which two light quarks are located. Special case is the B c meson, which is the only one composed by two distinct heavy quarks. The interplay of the two heavy quarks, which decay through the weak interaction, is important for our understanding of decays of the heavy quark hadrons.
Heavy quark hadrons can be used to test QCD in regions where perturbation calculations cannot be used and many different approximations to solve the QCD have been developed. Just a few examples of them are heavy quark effective theory, non-relativistic and relativistic potential models or lattice QCD. While a large amount of information for c-hadrons exist [1] , the spectroscopy of b-hadrons was almost unknown up to recently. In this paper we review recent measurements in the sector of heavy quark hadrons by the CDF and DØ experiments at the Tevatron collider. It is currently the only place where information about excited b-mesons and b-baryons can be obtained. Charge-conjugate modes are implied throughout this paper unless otherwise stated.
Mass measurement of the B c meson
Up to recently the B c meson was observed only in its semileptonic decay modes [2, 3] . While semileptonic decay modes have in general large branching fractions, the precision of the mass measurement is rather limited due to the undetected neutrino. With increasing amount of data at the Tevatron, search in the fully reconstructed decay modes becomes feasible. The decay mode in which the B c search is done is B c → J/ψπ + . The CDF collaboration obtained evidence for B c → J/ψπ + decay[4] using 360 pb −1 of data. This measurement [5] of the B c → J/ψπ + decay is based on the data selection developed on the high statistics B + → J/ψK + decay. Its main feature is the huge background suppression at a high signal efficiency. After the final selection we observe around 19700 B + → J/ψK + signal events on 2.2 fb −1 of data. Application of the same selection on J/ψπ + sample yields to the invariant mass distribution shown in Fig. 1 . A clear signal at a mass around 6270 MeV/c 2 is visible. To extract the mass and the number of B c signal candidates an unbinned maximum likelihood fit is used. The signal is described by a Gaussian and the background by a empirical function. The fit returns 87 ± 13 signal events with a B c mass of 6274.1 ± 3.2(stat) ± 2.6(sys) MeV/c 2 . The statistical significance exceeds 8σ. The measurement is compatible with existing predictions (see Ref. [5] ), with an experimental uncertainty smaller than theory uncertainties. Fig. 2 and by DØ in Fig. 3 . For the first time experiments are able to observe the two B * * 0 states as two separate peaks. The measured masses are listed in Table 1 . In addition to the masses, the CDF experiment measures for the first time also the width of the B * 0 2 state to be Γ(B * 0 2 ) = 22.1 Table 2 and the fit projection is shown in Fig. 5 .
To estimate the significance of the observed signal, the fit is repeated with an alternative hypothesis and the difference in the likelihoods is used. Three different alternative hypotheses were examined, namely the null hypothesis, using only two peaks instead of four and leaving each single peak separately out of the fit. As a result we conclude that the null hypothesis can be excluded by more than five standard deviations. The fit favors four peaks against two and except of the Σ + b peak, each peak has a significance above three standard deviations. state comes from having a Ξ in the final state, which decays through the weak interaction to Λ and π with a subsequent decay of Λ → pπ. As both Ξ and Λ have long lifetime, their decay vertices are significantly displaced from the production point. This requires a special treatment of the track reconstruction comparing to the usual tracks used in b-hadron studies. In addition the Ξ − is charged and travels several centimeters in the magnetic field which adds to the complexity of the analysis as the bending of the Ξ − is significant. Parameter Value Several cross checks were done by both experiments to strengthen the interpretation of the observed signal as a Ξ − b state. The DØ experiment made a detailed examination of the wrong-sign combinations together with the Ξ − and J/ψ sideband events with no signal observed in any of these (see Fig. 6 ). In addition the proper decay length distribution from data was compared to the one expected for a typical weakly decaying b-hadron and good consistency was observed. The CDF experiment used its unique opportunity to trigger on events with displaced vertices and searched also for the Ξ To conclude, due to the effort of the Tevatron experiments our knowledge of the b-hadrons was increased considerably, but lot of room to improve our knowledge on the properties of already observed hadrons still exists. On the side of unobserved hadrons, the next focus should be on the η b search, the last unobserved meson containing a b quark. Also an observation of the Ξ 0 b , which should be possible at CDF, would strengthen the interpretation of the signal attributed to Ξ − b . Last, an observation of the Ω b would be a nice completion of the Tevatron program on spectroscopy of b-hadrons. With more data coming and the well understood detector we believe that at least some of those searches will be successful.
